A functional N-myc2 retroposon in ground squirrels: implications for hepadnavirus-associated carcinogenesis.
Three hepatitis B viruses infecting humans, woodchucks and ground squirrels increase the risk of hepatocellular carcinoma in their respective hosts. The woodchuck hepatitis B virus (WHV), unlike the two other viruses, induces a rapid carcinogenic process characterized by direct activation of myc proto-oncogenes by insertion of viral DNA. The highly preferred target of insertional mutagenesis in woodchucks is N-myc2, an intronless N-myc gene. Strikingly, N-myc2 has no human homolog and the homologous N-myc2 locus previously detected in the ground squirrel genome, remains silent during hepatocarcinogenesis. Therefore, N-myc2 may represent a critical host determinant in the evolution of the disease associated with hepadnavirus infection. To address this question, we performed a structural and functional analysis of the ground squirrel N-myc2 locus. We show that ground squirrel N-myc2 is highly homologous to its woodchuck counterpart and is a functional proto-oncogene. Existence of a functional N-myc2 gene as a potential target for insertional activation by viral DNA is therefore not restricted to the woodchuck species. This suggests that viral rather than host factors determine the higher oncogenic phenotype of WHV as compared to the two other mammalian hepadnaviruses.